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@  Production  of  a  wound  tubular  product  in  continuous  lengths. 

@  The  invention  provides  a  method  for  producing  tubular 
products  such  as  pipes  in  continuous  lengths  by  trans- 
versely  deforming  a  strip  (11)  of  material  such  as  a  thermo- 
plastic  around  an  internal  support  (10)  so  that  its  edges  abut 
to  form  a  tubular  mandrei.  Reinforcing  material  (20)  is 
wound  helically  around  the  tubular  mandrel  which  is 
arranged  to  be  of  slightly  greater  internal  diameter  than  the 
support  to  enable  it  to  be  moved  along  the  support. 



T h i s   i n v e n t i o n   r e l a t e s   to   t h e   p r o d u c t i o n   of  a  

wound   t u b u l a r   p r o d u c t   in   c o n t i n u o u s   l e n g t h s .  

T u b u l a r   p r o d u c t s   c o n s i s t i n g   s o l e l y   of   a  p o l y m e r i c  

m a t e r i a l   s u c h   as   n a t u r a l   or  s y n t h e t i c   r u b b e r   or  a  p l a s t i c s  

m a t e r i a l   can   be  p r o d u c e d   in   any   d e s i r e d   l e n g t h s   by  s i m p l e  

e x t r u s i o n .   L a r g e r   t u b e s ,   p a r t i c u l a r l y   t h o s e   c o n t a i n i n g  

some  f o r m   of  r e i n f o r c e m e n t   s u c h   as  h o s e   p r e s e n t   a  g r e a t e r  

p r o b l e m   and   i t   h a s   t h e r e f o r e   b e e n   p r o p o s e d ,   e . g .   i n  

B r i t i s h   P a t e n t   S p e c i f i c a t i o n   No  1  086  744  to   s u p p o r t   t h e  

e x t r u s i o n   i n t e r n a l l y   u n t i l   i t   h a s   s u f f i c i e n t l y   s o l i d i f i e d  

by  means   of   a  c a n t i l e v e r   m a n d r e l   t h e   p e r i p h e r y   of   w h i c h   i s  

made  up  of  a  p l u r a l i t y   of  e n d l e s s   c o n v e y o r s .   A  s i m i l a r  

t e c h n i q u e   h a s   b e e n   e m p l o y e d   f o r   t h e   p r o d u c t i o n   of  r u b b e r  

t u b e   n o t   by  e x t r u s i o n   b u t   by  h e l i c a l l y   w i n d i n g   r u b b e r  

s t r i p   o n t o   a  m a n d r e l   and   d r a w i n g   t h e   w i n d i n g s   t h r o u g h   a  

c u r i n g   oven   o v e r   t h e   m a n d r e l ;   Ge rman   P a t e n t   S p e c i f i c a t i o n  

No  728  910  e x e m p l i f i e s   t h i s   t e c h n i q u e .   U  S  P a t e n t  

S p e c i f i c a t i o n   No  3  407  107  i l l u s t r a t e s   t h e   u s e   of  an  i n n e r  

l i n e r   w h i c h   i s   i n t e r n a l l y   s u p p o r t e d   by  f l u i d   p r e s s u r e  

d u r i n g   t h e   w i n d i n g   p r o c e s s ,   and   U  S  P a t e n t   S p e c i f i c a t i o n  

No  3  068  134  i l l u s t r a t e s   an  i n n e r   l i n e r   f o r   a  wound   p i p e  

w h i c h   i s   d r a w n   a l o n g   a  m a n d r e l   w h i l s t   g l a s s   f i b r e   s t r a n d s  

a r e   wound  s p i r a l l y   a r o u n d   i t .  

In  r e c e n t   y e a r s   t h e r e ' h a s   b e e n   i n c r e a s i n g   i n t e r e s t  

in   t h e   p r o d u c t i o n   of  r i g i d   p i p e   w h i c h   i n c o r p o r a t e s   h e l i c a l l y  

wound  f l a t   m e t a l   s t r i p .   Fo r   e x a m p l e   U  S  P a t e n t  

S p e c i f i c a t i o n   No  3  189  054  d i s c l o s e s   a  h i g h - s t r e n g t h ,  

l i g h t - w e i g h t   p i p e   made  by  h e l i c a l l y   w i n d i n g   s u c c e s s i v e  

l a y e r s   of  a l u m i n i u m  a l l o y   and   g l a s s - f i b r e   t a p e   i m p r e g n a t e d  

w i t h   a  r e s i n .   B r i t i s h   P a t e n t   S p e c i f i c a t i o n   No  1  407  9 1 3  

r e p r e s e n t s   an  i m p r o v e m e n t   in   m e t a l   r e i n f o r c e d   p i p e   in   t h a t  

t h e   h e l i c a l   w i n d i n g s   of  s t e e l   s t r i p   a r e   e m b e d d e d   in   a  m a t r i x  

of   p o l y m e r i c   m a t e r i a l   in   s u c h   a  way  as  to   f o r m   a  c o m p o s i t e  

s t r u c t u r e .   A  p r e f e r r e d   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n  

r e l a t e s   to   t h e   c o n t i n u o u s   p r o d u c t i o n   of  a  t u b u l a r   b o d y   i n  

a c c o r d a n c e   w i t h   B r i t i s h   P a t e n t   S p e c i f i c a t i o n   No  1  407  9 1 3 .  



H o w e v e r   t h e   p r e s e n t   i n v e n t i o n   i s   n o t   l i m i t e d   to   t h e  

p r o d u c t i o n   of  t u b u l a r   b o d i e s   r e i n f o r c e d   by  h e l i c a l   w i n d i n g s  

or   m e t a l   s t r i p   b u t   i s   a p p l i c a b l e   to   t h e   c o n t i n u o u s  

p r o d u c t i o n   of  any   t u b u l a r   b o d y   by  a  w i n d i n g   p r o c e s s   o r  

p r o c e s s e s ,   f o r   e x a m p l e   t h e   c o n t i n u o u s   p r o d u c t i o n   of  p i p e  

made  by  h e l i c a l l y   w i n d i n g   f i b r e - g l a s s   t a p e s .  

T e c h n i q u e s   w h i c h   h a v e   b e e n   e m p l o y e d   f o r   t h e  

c o n t i n u o u s   p r o d u c t i o n   of  f i l a m e n t - r e i n f o r c e d   t u b u l a r  

p r o d u c t s   c a n n o t   be  e m p l o y e d   f o r   t h e   p r o d u c t i o n   of  a  

t u b u l a r   b o d y   i n c o r p o r a t i n g   i n e x t e n s i b l e   h e l i c a l   w i n d i n g s ,  

e . g .   of   m e t a l   s t r i p ,   f o r   a  v a r i e t y   of  r e a s o n s   i n c l u d i n g  

t h e   t e n d e n c y   of   t h e   w i n d i n g s   to   s e p a r a t e   i n   t h e   u n c u r e d  

p r o d u c t   i f   s u b j e c t   to   a x i a l   l o a d   ( l o n g i t u d i n a l l y   of   t h e  

b o d y )   and   t h e   r e l a t i v e l y   c o n s i d e r a b l e   t o r q u e   a p p l i e d   t o  

t h e   m a n d r e l   by  t h e   w i n d i n g   or  w i n d i n g s .   For   e x a m p l e ,  

t h e   t e c h n i q u e s   of   U  S  S p e c i f i c a t i o n   No  3769  127  or  U  S 

P a t e n t   S p e c i f i c a t i o n   No  3  068  134  c o u l d   n o t   be  e m p l o y e d  

b e c a u s e   t h e   wound   p r o d u c t   w o u l d   h a v e   t o o   g r e a t   f r i c t i o n a l  

r e s i s t a n c e   to   r e m o v a l   l o n g i t u d i n a l l y   of  t h e   l o n g   f i x e d  

m a n d r e l .   R i g i d   p i p e s   r e i n f o r c e d   by  h e l i c a l   w i n d i n g s   o f  

f i b r e - g l a s s   t a p e   or   f l a t   m e t a l ' s t r i p   h a v e   t h e r e f o r e ,   u p  
t i l l   now,  b e e n   m a n u f a c t u r e d   i n  r e l a t i v e l y   s h o r t   l e n g t h s  

d e t e r m i n e d   by  t h e   l e n g t h   of  t h e   s t e e l   m a n d r e l   e m p l o y e d .  

The  p r o b l e m s   of   j o i n t i n g   p i p e   of  any   d e s c r i p t i o n   a r e   w e l l  

k n o w n ,   and   t h u s   t h e   d e s i r a b i l i t y   of  m i n i m i s i n g   s u c h   j o i n t s .  

I d e a l l y   j o i n t s   w o u l d   o n l y   b e  p r o v i d e d   a t   an  end  o r  

j u n c t i o n   a n d  a   l e n g t h   of  p i p e   ( w h e t h e r   s t r a i g h t   or   s l i g h t l y  

c u r v e d )   w o u l d   c o n t a i n   no  j o i n t s .   P i p e   l e n g t h s   to   b e  

a s s e m b l e d   on  s i t e   c o u l d   be  as  l o n g   as   i s   p r a c t i c a b l e   f o r  

h a n d l i n g   and   t r a n s p o r t   p u r p o s e s   and   i d e a l l y   a  l o n g   p i p e  

w o u l d   be  made  on  s i t e ,   f o r   e x a m p l e   b e i n g   c o n t i n u o u s l y   l a i d  

f r o m   t h e   r e a r   o f   a  v e h i c l e   t r a v e l l i n g   o v e r   a  t r e n c h   o r  

o t h e r   s u p p o r t s   f o r   t h e   p i p e   b e i n g   made  o r ,   i n   s u i t a b l e  

c a s e s ,   s i m p l y   o v e r   f l a t   g r o u n d   ( s e e   e . g .   U  K  P a t e n t  

S p e c i f i c a t i o n   No  707  3 5 4 ) .  

A  p r i n c i p a l   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s   t o  

make  p o s s i b l e   t h e   p r o d u c t i o n   i n   c o n t i n u o u s   l e n g t h s   of  a  

t u b u l a r   p r o d u c t   i n c o r p o r a t i n g   a t   l e a s t   one  h e l i c a l l y   w o u n d  



e l e m e n t ,   w h e r e   t h e   n a t u r e   and   c o n s t r u c t i o n   of  t h e   p r o d u c t  

i s   s u c h   t h a t   i t   i s   n o t   n o r m a l l y   f e a s i b l e   c o n t i n u o u s l y   t o  

p u l l   i t   l o n g i t u d i n a l l y   o f f   t h e   m a n d r e l   on  w h i c h   i t   i s   b u i l t .  

In  a c c o r d a n c e   w i t h   one  a s p e c t   of  t h e   p r e s e n t  

i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  m e t h o d   f o r   t h e   p r o d u c t i o n   i n  

a  c o n t i n u o u s   l e n g t h   of   a  t u b u l a r   p r o d u c t   c o m p r i s i n g   a t  

l e a s t   one  h e l i c a l l y   wound   e l e m e n t ,   t h e   m e t h o d   c o m p r i s i n g  

d e f o r m i n g   a  s t r i p   t r a n s v e r s e l y   of  i t s   l e n g t h   a r o u n d   a n  

i n t e r n a l   s u p p o r t   to   f o r m   a  t u b u l a r   m a n d r e l   o n t o   w h i c h  

s a i d   e l e m e n t   i s   wound   w h i l e   s a i d   m a n d r e l   i s   r e l a t i v e l y  

moved   l o n g i t u d i n a l l y   w i t h   r e s p e c t   to   an  e l e m e n t   w i n d i n g  

a p p a r a t u s ,   t h e   t u b u l a r   c o n f i g u r a t i o n   of  t h e   m a n d r e l   b e i n g  

m a i n t a i n e d   when  s a i d   e l e m e n t   i s  w o u n d   t h e r e o n   by  a b u t m e n t  

of   t h e   l o n g i t u d i n a l   e d g e s   of  t h e   s t r i p ,   and   t h e   i n t e r n a l  

d i m e n s i o n s   of   t h e   t u b u l a r   m a n d r e l   b e i n g   s l i g h t l y   g r e a t e r  

t h a n   t h e   e x t e r n a l   d i m e n s i o n s   of  t h e   s u p p o r t ,   t h e  

c l e a r a n c e   t h e r e b e t w e e n   r e d u c i n g   f r i c t i o n a l   r e s i s t a n c e   t o  

r e l a t i v e   m o v e m e n t   of  t h e   m a n d r e l   and   t h e   s u p p o r t .  

The  s t r i p   may  be  d e f o r m e d   by  p a s s i n g   i t   s u c c e s s i v e l y  

b e t w e e n   s h a p i n g   r o l l e r s   on  o p p o s i t e   s i d e s   of  t h e   s u p p o r t  

and   t h r o u g h   a  s i z i n g   r i n g   s u r r o u n d i n g   t h e   s u p p o r t ,   t h e r e -  

a f t e r   t h e   t u b u l a r   b o d y   may  be  c o n s t r u c t e d   on  a  t u b u l a r  

m a n d r e l   p r o v i d e d   by  a  p o r t i o n   of   t h e   l e n g t h   of  t h e  

d e f o r m e d   s t r i p   w h i c h   s u r r o u n d s   t h e   s u p p o r t   and   t h e r e a f t e r  

t h e   d e f o r m e d   s t r i p   and   t h e   t u b u l a r   b o d y   c o n s t r u c t e d   t h e r e o n  

may  be  w i t h d r a w n   f r o m   a  f r e e   e n d  o f   t h e   s u p p o r t .  

The  s a i d   e l e m e n t   may  be  i n   t a p e ,   r i b b o n   or   s t r i p  

f o r m ,   and  may  be  of   m e t a l .   The  m e t h o d   may  c o m p r i s e  

w i n d i n g   a  p l u r a l i t y   of   s t r i p s   of  m e t a l   o n t o   t h e   m a n d r e l .  

In  a c c o r d a n c e   w i t h   a n o t h e r   a s p e c t   of  t h e   p r e s e n t  

i n v e n t i o n   t h e r e   i s   p r o v i d e d   a p p a r a t u s   f o r   c a r r y i n g   o u t   t h e  

m e t h o d   d e s c r i b e d   i n   a n y  o n e   of  t h e   t h r e e   i m m e d i a t e l y  

p r e c e d i n g   p a r a g r a p h s ,   c o m p r i s i n g   means   f o r   h e l i c a l l y  

w i n d i n g   a  c o m p o n e n t   of  a  t u b u l a r   p r o d u c t   and  means   f o r  

d e f o r m i n g   a  s t r i p   t r a n s v e r s e l y   of   i t s   l e n g t h   a r o u n d   a n  

i n t e r n a l   s u p p o r t   w i t h   i t s   l o n g i t u d i n a l   e d g e s   a b u t t i n g   t o  

f o r m   a  t u b u l a r   m a n d r e l   h a v i n g   i n t e r n a l   d i m e n s i o n s   s l i g h t l y  

g r e a t e r   t h a n   t h e   e x t e r n a l   d i m e n s i o n s   of  t h e   s u p p o r t ,   a n d  



m o v i n g   m e a n s   f o r   r e l a t i v e l y   m o v i n g . t h e   m a n d r e l  

l o n g i t u d i n a l l y   w i t h   r e s p e c t   to   t h e   w i n d i n g   m e a n s   d u r i n g  

w i n d i n g   of   s a i d   c o m p o n e n t   o n t o   t h e   m a n d r e l .  

S a i d   d e f o r m i n g   m e a n s   may  c o m p r i s e   a  p a i r   o f  

s h a p i n g   r o l l e r s   and   a  s i z i n g   r i n g   b e t w e e n   and   t h r o u g h  
w h i c h   t h e   s t r i p   i s   s u c c e s s i v e l y   p a s s e d   en  r o u t e   to   t h e  

w i n d i n g   m e a n s .  

The  a p p a r a t u s   may  c o m p r i s e   a  s u p p o r t   p r o j e c t i n g  
c a n t i l e v e r   f a s h i o n   t h r o u g h   t h e   p a t h   of   w i n d i n g   of  t h e  

w i n d i n g   m e a n s   and   s t a t i o n a r y   w i t h   r e s p e c t   t h e r e t o ,   m e a n s  

f o r   s u p p l y i n g   t h e   s t r i p   l o n g i t u d i n a l l y   t o w a r d   t h e   s u p p o r t  

i n   t h e   r e g i o n   of  t h e   f i x e d   end  t h e r e o f   and   w i t h d r a w i n g  

m e a n s   f o r   d r a w i n g   t h e   d e f o r m e d   s t r i p   w i t h   t h e   t u b u l a r  

p r o d u c t   b u i l t   t h e r e o n   f r o m   t h e   f r e e   end  of   t h e   s u p p o r t .  

The  s h a p i n g   r o l l e r s   may  be  d i s p o s e d   on  o p p o s i t e  
s i d e s   of   t h e   s u p p o r t   and   t h e   s i z i n g   r i n g   may  s u r r o u n d   t h e  

s u p p o r t ,   t h e   s h a p e s   and   d i m e n s i o n s   of  t h e   r o l l e r s   and   r i n g  

b e i n g   s u c h   t h a t   t h e   s t r i p   i s   d e f o r m e d   to   a  t u b u l a r  

c o n f i g u r a t i o n   w i t h   i n t e r n a l   d i m e n s i o n s   s l i g h t l y   g r e a t e r  

t h a n   t h e   e x t e r n a l   d i m e n s i o n s   of   t h e   s u p p o r t .  

The  w i t h d r a w i n g   m e a n s   may  c o m p r i s e   l o c a t i o n   m e a n s  

e n g a g e a b l e   w i t h   a  l e a d i n g   e n d  o f   t h e   s t r i p   and   m o v a b l e  

l o n g i t u d i n a l l y   of   t h e   s u p p o r t   and   m e a n s   may  be  p r o v i d e d  

to   p r e v e n t   r o t a t i o n   of   t h e   l o c a t i o n   m e a n s   r e l a t i v e   t o  

t h e   s u p p o r t   u n d e r   t o r q u e   a p p l i e d   t o   t h e   d e f o r m e d   s t r i p  

by  t h e   w i n d i n g   m e a n s .  

The  l o c a t i o n   m e a n s   may  c o m p r i s e   a  c o l l a r   a d a p t e d  

t o   s u r r o u n d   and   move  l o n g i t u d i n a l l y   of  t h e   s u p p o r t ,   t h e  

c o l l a r   h a v i n g   a  t r a i l i n g   end   p o r t i o n   i n s e r t a b l e  

i n   and   s e c u r a b l e   to   a  l e a d i n g   end  of   t h e   d e f o r m e d   s t r i p  

and   l a t e r a l   f o r m a t i o r s p o s i t i o n e d   t o   be  e n g a g e d   by  a b u t -  

m e n t s   f i x e d   r e l a t i v e   t o   t h e   s u p p o r t   w h i l e   t h e   c o l l a r  

s u r r o u n d s   t h e   s u p p o r t   t o   p r e v e n t   r o t a t i o n   of  t h e   c o l l a r  

r e l a t i v e   to   t h e   s u p p o r t .  

The  w i t h d r a w i n g   means   may  c o m p r i s e   t r a c t i o n   m e a n s  

e n g a g e a b l e   w i t h   t h e   l o c a t i o n   m e a n s   to   d i s p l a c e   t h e   l a t t e r  

away   f r o m   t h e   w i n d i n g   m e a n s   o f f   t h e   f r e e   end  of   t h e  

s u p p o r t   a t  a   s p e e d   s u b s t a n t i a l l y   e q u a l   to   t h e   s p e e d   o f  



m o v e m e n t   of  t h e   d e f o r m e d   s t r i p   t o w a r d   t h e   w i n d i n g   m e a n s .  

The  t r a c t i o n   m e a n s   may  be  g u i d e d   to   m o v e  

s u b s t a n t i a l l y   p a r a l l e l   w i t h   t h e   s u p p o r t   by  g u i d e   m e a n s  

w h i c h   c h a n g e s   t h e   d i r e c t i o n   of  m o v e m e n t   of  t h e   t r a c t i o n  

m e a n s   and   i s   p o s i t i o n e d   in   s p a c e d   r e l a t i o n   to   t h e   f r e e  

end  of  t h e   s u p p o r t ,   s a i d   g u i d e   m e a n s   b e i n g   a d j u s t a b l e   i n  

h e i g h t   to   be  m o v a b l e   o u t   of  t h e   p a t h   of  t h e   t u b u l a r  

p r o d u c t   l e a v i n g   t h e   s u p p o r t .  

Means   may  be  p r o v i d e d   t o   w e l d   or   f u s e   t h e   s e a m  

f o r m e d   by  t h e   a b u t t e d   l o n g i t u d i n a l   e d g e s   of   t h e   d e f o r m e d  

s t r i p   so  t h a t   t h e   l a t t e r   f o r m s   a  c o n t i n u o u s   t u b u l a r  

l i n i n g   f o r   t h e   t u b u l a r   p r o d u c t .  

In  a c c o r d a n c e   w i t h   y e t   a n o t h e r   a s p e c t   of  t h e  

p r e s e n t   i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  t u b u l a r   p r o d u c t  

c o m p r i s i n g   a t   l e a s t   one  h e l i c a l l y   wound   e l e m e n t   and   a n  

i n n e r   l i n i n g   p r o v i d e d   by  a  s t r i p   of  m a t e r i a l   d e f o r m e d  

t r a n s v e r s e l y   of   i t s   l e n g t h   so  t h a t   t h e   l o n g i t u d i n a l   e d g e s  

of  t h e   s t r i p   a b u t   to   f o r m   a  c o n t i n u o u s   l o n g i t u d i n a l   s e a m  
in   t h e   i n t e r i o r   of  t h e   p r o d u c t .  

P r e f e r a b l y   s a i d   e d g e s   a r e   in   a b u t m e n t   and   w e l d e d  

or   f u s e d   t o g e t h e r .  

The  s t r i p   i s   p r e f e r a b l y   of  t h e r m o p l a s t i c   m a t e r i a l .  

F o r   f a c t o r y   p r o d u c t i o n   u s i n g   s t a t i o n a r y   p l a n t   t h e  

t r a c t i o n   d e v i c e   w i l l   be  p u l l e d   away  f r o m   t h e   f i x e d   m a n d r e l  

e . g .   by  a  c h a i n   p a s s i n g   o v e r   s p r o c k e t s .   I t   i s   e n v i s a g e d ,  

h o w e v e r ,   t h a t   t h e   a p p a r a t u s   c o u l d   be  m o u n t e d   on  a  v e h i c l e  

in   w h i c h   c a s e   t h e   t r a c t i o n   d e v i c e   c o u l d   be  in   t h e   f o r m  

s i m p l y   of  an  a n c h o r a g e   f o r   t h e   l e a d i n g   end  o f . t h e   f o r m e d  

t u b e .   M o v e m e n t   of   t h e   v e h i c l e   away  f r o m   t h e   a n c h o r a g e  

w o u l d   p r o v i d e   t h e   r e q u i s i t e   t r a c t i o n   of  t h e   m a n d r e l   o v e r  

t h e   s u p p o r t ,   t h e   l a t t e r   b e i n g   f i x e d   r e l a t i v e   to  t h e  

v e h i c l e .  

A  p r e f e r r e d   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n  

w i l l   now  be  d e s c r i b e d   w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g  

d r a w i n g s ,   in   w h i c h : -  

F i g u r e   1  i s   a  s c h e m a t i c   g e n e r a l   a r r a n g e m e n t   v i e w  

in   s i d e   e l e v a t i o n   of  a p p a r a t u s   f o r  

c a r r y i n g   o u t   t h e   i n v e n t i o n ;  



F i g u r e s   2  and   3  a r e   d e t a i l e d   v i e w s   on  an  e n l a r g e d  
s c a l e   t a k e n   r e s p e c t i v e l y   in   t h e   d i r e c t i o n  

of  t h e   a r r o w s   C  and   B  in   F i g u r e   1 ;  

F i g u r e   4  i s   a  v i e w   on  an  e n l a r g e d   s c a l e   t a k e n  

,  on  t h e   l i n e   E-E  o f   F i g u r e   1 ;  

F i g u r e s   5  and   6  a r e   v i e w s   on  an  e n l a r g e d   s c a l e  

t a k e n   r e s p e c t i v e l y   on  t h e   l i n e   A-A  o f  

F i g u r e   1  and   i n   t h e   d i r e c t i o n   of  t h e  

a r r o w   D;  

F i g u r e   7  i s   a  s i d e   v i e w   on  an  e n l a r g e d   s c a l e  

s h o w i n g   p a r t   of  t h e   a p p a r a t u s   of  F i g u r e  

1,  a n d  

F i g u r e   8  i s   a  p a r t l y   c r o s s - s e c t i o n a l   v i e w   of  a  

d e t a i l   of   F i g u r e   7,  t a k e n   on  t h e   l i n e   F - F .  
The  a p p a r a t u s   i l l u s t r a t e d   i n   F i g u r e   1  c o m p r i s e s   a  

f r a m e w o r k   i n c l u d i n g   u p r i g h t s   40  m o u n t e d   on  a  b a s e   4 1 .  

T h e  s h o r t e r   u p r i g h t s   40a   and   40b  c a r r y   c a n t i l e v e r   f a s h i o n  

one  end   of  a  c y l i n d r i c a l   s t e e l   s u p p o r t   10  by  m e a n s   o f  

c l a m p s   42  and   43 ,   t h e   l a t t e r   m o u n t e d   on  a  h o r i z o n t a l  

member   44  of  t h e   f r a m e ,   and   a d d i t i o n a l   s u p p o r t i n g   s a d d l e s  

45  and   46  r e s p e c t i v e l y   a t   t h e   u p p e r   end  of  t h e   u p r i g h t   4 0 b  

and   on  t h e   h o r i z o n t a l   member   44 .   The  o p p o s i t e ,   or  f r e e  

end   of  t h e   s u p p o r t   10  i s   t e m p o r a r i l y   u p h e l d   by  a  s t e a d y   4 8  

w h i c h ,   as  v i e w e d   in   F i g u r e   6,  h a s   a  V - f o r m a t i o n   of  f r e e l y  

r o t a t a b l e   r o l l e r s   49  b u t   t h e   s t e a d y   48  i s   v e r t i c a l l y  

a d j u s t a b l e   away   f r o m   t h e   s u p p o r t   10  f o r   p u r p o s e s   w h i c h   w i l l  

be  d e s c r i b e d .  

On  t h e   end  u p r i g h t   40a   of  t h e   f r a m e   i s   r o t a t a b l y  
m o u n t e d   a  s u p p l y  s p o o l   50  f o r   a  s t r i p   11  of   p o l y e t h y l e n e ,  

w h i c h   i s   1 . 5   m i l l i m e t r e s   i n   t h i c k n e s s   and   3 2 3 . 5 8   m i l l i m e t r e s i n  

w i d t h ,  a n d  i s   l e d   o v e r   f r e e   r u n n i n g   r o l l e r s   51  and   52  a b o v e  

t h e   c l a m p s   42  a n d   43  to   a  p a i r   of  w a i s t e d   r o l l e r s   53a ,   5 3 b  

s y n c h r o n o u s l y   d r i v e n   by  a  m o t o r   54.  The  e f f e c t   of  d r i v i n g  

t h e   l e a d i n g   end   of   t h e   s t r i p   11  b e t w e e n   t h e   r o l l e r s   5 3 a  

and   53b  i s   t o   w r a p   i t   t r a n s v e r s e l y   of  i t s   l e n g t h   a b o u t   t h e  

s u p p o r t   10,   w h i c h   h a s   a  d i a m e t e r   of  100  m i l l i m e t r e s ,  

g e n e r a l l y   to   t h e   i n v e r t e d   "C"  s h a p e   shown  i n   F i g u r e   2 .  

A f t e r   p a s s i n g   b e t w e e n   t h e   r o l l e r s   53a ,   53b  t h e   l e a d i n g   e n d  



of  t h e   s t r i p   1 1  p a s s e s   t h r o u g h   a  s i z i n g   b u s h   13  f i x e d  

r e l a t i v e   to   t h e   u p r i g h t   4 0 c .   T h i s   c o m p r i s e s   a  s t e e l   r i n g  

14  i n t e r n a l l y   l i n e d   w i t h   PTFE  ( p o l y t e t r a f l u o r o e t h y l e n e ) ,  

t h e   d i a m e t e r   of  t h e   l i n i n g   d e t e r m i n i n g   t h e   f i n a l   s h a p e  

of  t h e   s t r i p   11  w h i c h ,   h a v i n g   t h e   d i m e n s i o n s   m e n t i o n e d  

a b o v e   and   as  can   be  s e e n   f r o m   F i g u r e   3,  b e c o m e s   a  

c l o s e d   t u b e   of  i n t e r n a l   d i a m e t e r   s l i g h t l y   g r e a t e r  

t h a n   t h e   e x t e r n a l   d i a m e t e r   of  t h e   s u p p o r t   10,  i . e .   h a v i n g  

a  d i a m e t e r   1 . 5   m i l l i m e t r e s   g r e a t e r   t h a n   t h a t   of  t h e  

s u p p o r t   when  i t s   l o n g i t u d i n a l   e d g e s   a b u t .  

The  l e a d i n g   end  of  t h e   s t r i p   11  now  p a s s e s  

c o a x i a l l y   t h r o u g h   t h e   f i r s t   of  f o u r   r i n g   s u p p o r t s   5 4 a ,   5 4 b ,  

54c  and   54d  w h i c h   a r e   r e s p e c t i v e l y   s u p p o r t e d   by  t h e   u p r i g h t s  

4 0 c , 4 0 d ,   40e  and   4 0 f   f o r   r o t a t i o n   r e l a t i v e   t h e r e t o   a b o u t  

a x e s   c o i n c i d e n t   w i t h   t h a t   of   t h e   s u p p o r t   10,  e a c h   b e i n g  

d r i v e n   by  a  r e s p e c t i v e   m o t o r   o n l y   one ,   55,  of  w h i c h ,  

d r i v i n g   t h e   r i n g   54a ,   i s   shown  f o r   t h e   s a k e   of  s i m p l i c i t y .  

A l l   of  t h e   r i n g s   5 4 a ,   54b ,   54c  and   54d  a r e   r o t a t e d   in   t h e  

same  s e n s e   i n d i c a t e d   by  t h e   a r r o w s   in   F i g u r e   4  in   t h e  

c a s e   of  t h e   r i n g   54b ,   i . e .   c l o c k w i s e   as  v i e w e d   f r o m   t h e  

f r e e   end  47  of  t h e   s u p p o r t   1 O .   The  r i n g   54a  c a r r i e s  

s p o o l s   16  and   17,  t h e   r i n g   5 4 b  s p o o l s   20  and   21,   t h e   r i n g  

54c  s p o o l s   24  and   25  and   t h e   r i n g   54  s p o o l s   28  and   29  a l l  

of  w h i c h   a r e   r o t a t a b l e   r e l a t i v e   to   t h e   r i n g s   on  w h i c h  

t h e y   a r e   m o u n t e d ,   to   w i n d ,   u n d e r   s u i t a b l e   f r i c t i o n a l  

r e s i s t a n c e ,   d i f f e r e n t   c o m p o n e n t s  o f   t h e   c o m p o s i t e   t u b u l a r  

b o d y   to   be  f o r m e d   a r o u n d   t h e   s u p p o r t   10  in   a  p r e d e t e r m i n e d  

s e q u e n c e .   In  a d d i t i o n ,   a p p l i c a t o r s   19,  23  and   27  a r e  

m o u n t e d   r e s p e c t i v e l y   on  t h e   u p r i g h t s   4 0 d ,   40e  and   4 0 f   t o  

s u p p l y   l i q u i d   c o m p o n e n t s   f r o m   r e s e r v o i r s   18,  22  and   26  t o  

t h e   c o m p o s i t e   b o d y .   L i q u i d s   d i s c h a r g e d   f r o m   t h e   h e a d s   1 9 ,  

23  and  27  a r e   d i s t r i b u t e d   c i r c u m f e r e n t i a l l y   a r o u n d   t h e  

c o m p o s i t e   b o d y   by  r o l l e r s   h e l d   in   c o n t a c t   w i t h   t h e   b o d y   b y  

a rms   e x t e n d i n g   i n w a r d l y   of  t h e   r i n g s   54b ,   54c  and   54d ,   o n e  

( o n l y )   of   s u c h   s p r e a d e r   a rms   and   r o l l e r   b e i n g   i n d i c a t e d  

a t   55  in   t h e   c a s e   of  t h e   r i n g   54b  i n   F i g u r e   4.  As  a n  

a l t e r n a t i v e   to   t h e   l i q u i d   a p p l i c a t o r s   i l l u s t r a t e d   t h e  

t u b u l a r   b o d y   may  p a s s   t h r o u g h   s l e e v e s   ( n o t   shown)   r e s p e c t i v e l y  



f i x e d   r e l a t i v e   to   t h e   u p r i g h t s   4 0 d ,   40e   and   4 0 f ,   e a c h  
s l e e v e   h a v i n g   an  a n n u l a r   g r o o v e   in   i t s   i n n e r   p e r i p h e r y  

c o m m u n i c a t i n g   w i t h   t h e   r e s p e c t i v e   r e s e r v o i r   18,  22  o r  
26.   The  s l e e v e s ;   may  a l s o   h a v e   i n t e r n a l   s e a l s   ( n o t  

s h o w n )   to   p r e v e n t   l i q u i d   u n d e r   p r e s s u r e   in   t h e   g r o o v e  
t h e r e o f   r u n n i n g   o p p o s i t e l y   to   t h e   d i r e c t i o n   of  m o v e m e n t  

of   t h e   b o d y .  
A  c o l l a r   30  i s   m o v a b l e   l o n g i t u d i n a l l y   of  t h e  

m a n d r e l   10  by  a  c h a i n   36  p a s s i n g   o v e r   a  s p r o c k e t   56  t o  

a  drum  57  r o t a t e d   by  a  m o t o r   ( n o t   shown)   so  t h a t   t h e  

c o l l a r   30  w i l l   move  f r o m   r i g h t   to   l e f t   as  v i e w e d   i n  

F i g u r e   1  a t   t h e   same  s p e e d   as  t h e   s t r i p   11  i s   f e d   i n  

t h e   same  d i r e c t i o n   by  t h e   r o l l e r s   53a ,   53b .   The  c o l l a r  

30  h a s   l a t e r a l   f l a n g e s   31  and   32  w h i c h   e x t e n d   t h e   f u l l  

l e n g t h   of   t h e   c o l l a r   30  and   f o r   a  d i s t a n c e   f r o m   i t s  

l e a d i n g   end  a p p r o x i m a t e l y   e q u a l   to   t h e   l e n g t h   of  t h e  

c o l l a r .   T h i s   a r r a n g e m e n t   e n s u r e s   t h a t   t h r o u g h o u t   t h e  

t r a v e l   of  t h e .  c o l l a r   30,  f r o m   t h e   c o m m e n c e m e n t   of  t h e  

w i n d i n g  o p e r a t i o n   u n t i l   t h e   i n t e g r i t y   of  t h e   c u r e d  

c o m p o s i t e   m a k e s   i t   u n n e c e s s a r y ,   t h e   f l a n g e   31  i s  

e n g a g e d   by  a t   l e a s t   one  r o l l e r  3 5   b e n e a t h   i t   and   t h e  

f l a n g e   32  i s   e n g a g e d   by  a t   l e a s t   one  r o l l e r   35  a b o v e   i t ,  

p a i r s   of   t h e   f r e e l y   r o t a t a b l e   r o l l e r s   35  b e i n g   i n  

o p p o s e d   r e l a t i o n   a t   t h e   t o p   of   t h e   u p r i g h t s   40g  and   4 0 h  

of   t h e   f r a m e ,   and   a t   a  s i m i l a r   h e i g h t   on  t h e   u p r i g h t   4 0 f .  

At  t h e   c o m m e n c e m e n t   of  t h e   o p e r a t i o n   t h e   c o l l a r   3 0  

i s   p o s i t i o n e d   as   f a r   as  p o s s i b l e   to   t h e   r i g h t   as  v i e w e d  

in   F i g u r e   1  w i t h   t h e   l e f t - h a n d   e n d s   of  i t s   f l a n g e s   31 

and   32  c o n t a c t e d   by  t h e   r o l l e r s   35  on  t h e   u p r i g h t   4 0 f .  

At  i t s   r i g h t - h a n d   or  t r a i l i n g   end  t h e   c o l l a r   30  h a s   a  

p o r t i o n   58  w h i c h   e n t e r s   t h e   l e a d i n g   end  of  t h e   m a n d r e l  

p r o d u c e d   by  t h e   w r a p p e d   s t r i p   11  when  t h i s   r e a c h e s   i t ,  

h a v i n g   p a s s e d   t h r o u g h   t h e   r i n g   54a  and   as  i t   e n t e r s   t h e  

r i n g   54b .   The  s t r i p   11  i s   s e c u r e d   i n   p o s i t i o n   on  t h e  

c o l l a r   30  by  m e a n s   of   two  worm  d r i v e   c l i p s   30a ,   3 0 b .  

D u r i n g   p a s s a g e   b e t w e e n   t h e   r i n g s   54a  and   54b  f i r s t   a  

s t r i p   of  m e l a m i n e   i s   h e l i c a l l y   wound   o n t o   t h e   m a n d r e l  

f r o m   t h e   s p o o l   16  and   t h e n   a  s t r i p   of  f i b r e - g l a s s   f r o m  



t h e   s p o o l   17,  t h e   f i b r e - g l a s s   s t r i p   b e i n g   s o a k e d   i n   a  

f i r s t   c o m p o n e n t   of  an  a c r y l i c   c o m p o s i t i o n .   A  s e c o n d  

c o m p o n e n t   of   t h e   a c r y l i c   c o m p o s i t i o n   i s   t h e n   a p p l i e d  

to   t h e   wound   f i b r e - g l a s s   t a p e   by  t h e   a p p l i c a t o r   h e a d  

19  and   s p r e a d   by  t h e   s p r e a d e r   55.   The  t h i c k n e s s   a n d  

s t r e n g t h   of  t h e   m a n d r e l   s t r i p   11  i s   s u c h   t h a t   t h e  

t o r q u e   a p p l i e d   to   i t   by  t h e   t a p e s   f r o m   t h e   s p o o l s   16  a n d  

17  d o e s   n o t   c o l l a p s e   t h e   m a n d r e l   i n t o   f r i c t i o n a l   e n g a g e -  

m e n t   w i t h   t h e   s u p p o r t   10  b u t   m a i n t a i n s   t h e   c i r c u l a r  

c r o s s - s e c t i o n a l   c o n f i g u r a t i o n   of  t h e   m a n d r e l   by  a b u t m e n t  

b e t w e e n   i t s   l o n g i t u d i n a l   e d g e s .   Due  to   t h e   w i d t h   o f  

s t r i p   11  b e i n g   g r e a t e r   t h a n   t h e   c i r c u m f e r e n c e   of   s u p p o r t  

10  a  c l e a r a n c e   i s   m a i n t a i n e d   b e t w e e n   t h e   s u p p o r t   10  a n d  

t h e   m a n d r e l   f a c i l i t a t i n g   t h e i r   r e l a t i v e   l o n g i t u d i n a l  

m o v e m e n t .  

When  t h e   c o l l a r   end  58  i s   r e c e i v e d   in   t h e   m a n d r e l ,  

now  c o a t e d   w i t h   a  c o r r o s i o n - r e s i s t a n t ,   c u r a b l e   r e s i n o u s  

l i n i n g ,   t h e   m a n d r e l   and   t h e   l e a d i n g   end  of  a  f l a t   s t e e l  

s t r i p   d r a w n   f r o m   t h e   s p o o l   20  a r e   s e c u r e d   by  a  s c r e w   61 

p a s s i n g   t h r o u g h   t h e   m a n d r e l   and   i t s   c o a t i n g   to   e n g a g e  
a  t a p p e d   h o l e   i n   t h e   c o l l a r   e x t e n s i o n   58.   As  can   b e  

s e e n   in   F i g u r e   1  and   F i g u r e   7  t h e   l e a d i n g   end  of  t h e   s t r i p  

i s   c u t   away  to   f o r m   a  t o n g u e   70  w h i c h   can   s w i v e l   a b o u t   t h e  

s c r e w   61  to   a l l o w   t h e   s t e e l   s t r i p   to   a d o p t   a  h e l i c a l  

d i s p o s i t i o n   w i t h o u t   b u c k l i n g .   The  r e e l   57  i s   now  r o t a t e d  

to  d r a w   t h e   c o l l a r   30  to   t h e ' l e f t   as  v i e w e d   in   F i g u r e   1 

a t   t h e   same  t i m e   as  t h e   m a n d r e l   i s   a d v a n c e d   by  t h e   r o l l e r s  

53a  and   53b .   As  t h e   c o l l a r   30  i s   d r a w n   to  t h e  l e f t   a s  
v i e w e d   in   F i g u r e   1  t h e   r i n g   54b  i s   r o t a t e d   so  t h a t   t h e  

s t e e l   s t r i p   i s   h e l i c a l l y   wound   o v e r   t h e   r e s i n - c o a t e d  

m a n d r e l   to   f o r m   a  l a y e r   2 0 a .   To  p r o d u c e   t h e   s t r u c t u r e  

d e s c r i b e d   in   B r i t i s h   P a t e n t   S p e c i f i c a t i o n   No  1  407  913  t h e  

s p e e d   of  l o n g i t u d i n a l   m o v e m e n t   of  t h e   c o l l a r   30  i s  

r e l a t e d   to   t h e   s p e e d   of  r o t a t i o n   of  t h e   r i n g   54b  in   s u c h  

a  way  t h a t   a d j a c e n t   t u r n s   of  t h e   s t e e l   s t r i p   f r o m   t h e   s p o o l  

20  a r e   s p a c e d .   At  t h e   same  t i m e   a  s t r i p   of  f i b r e - g l a s s  

s o a k e d   in   a  f i r s t . c o m p o n e n t   of  an  a c r y l i c   r e s i n   i s   w o u n d  

o v e r   t h e   s t e e l   s t r i p   f rom  t h e   s p o o l   21  and  a  s e c o n d  



c o m p o n e n t   of  t h e   r e s i n   f r o m   t h e   r e s e r v o i r   22  i s   a p p l i e d  

o v e r   t h e   f i b r e - g l a s s   s t r i p   f r o m   t h e   a p p l i c a t o r   h e a d   2 3  

as  t h e   c o m p o s i t e   b o d y   moves   t h r o u g h   t h e   r i n g   54c  w h i c h ,  

on  r o t a t i o n ,   s p r e a d s   t h e   l i q u i d   f r o m   t h e   a p p l i c a t o r  

h e a d   23  a r o u n d   t h e   c o m p o s i t e   b o d y .  

H a v i n g   r e a c h e d   t h e   l e f t - h a n d   s i d e   of  t h e   r i n g   5 4 c  

t h e   c o l l a r   30  i s   h a l t e d   ( t h e   r o l l e r s   53a  and   53b  b e i n g  

s i m u l t a n e o u s l y   h a l t e d )   w h i l e   t h e   l e a d i n g   end  of  a  

s e c o n d   s t e e l   s t r i p   f r o m   t h e   s p o o l   24  i s   s c r e w e d   to   t h e  

c o l l a r   e x t e n s i o n   58  by  a  s c r e w   61a  i n   a  m a n n e r   s i m i l a r  

t o  t h a t   i n   w h i c h   t h e   s t r i p   f r o m   t h e   s p o o l   20  w a s  

p r e v i o u s l y   s c r e w e d .   The  drum  57  and   t h e   r o l l e r s   53a  a n d  

53b  a r e   now  s t a r t e d   up  a g a i n   and   t h e   r i n g s   5 4 a ,   54b ,   5 4 c  

and   54d  r o t a t e d   so  t h a t   s t e e l   f r o m   t h e   s p o o l   24  i s  

h e l i c a l l y   wound   o v e r   t h e   r e s i n   l a y e r   of  t h e   f i r s t   s t e e l  

w i n d i n g   a n d   i n   an  o v e r l a p p i n g   r e l a t i o n   to   t h e   l a t t e r   i n  

a c c o r d a n c e   w i t h   t h e   t e a c h i n g s   of   B r i t i s h   P a t e n t  

S p e c i f i c a t i o n  N o   1  407  9 1 3 ,   to   f o r m   a  l a y e r   2 4 a .   A 

f i b r e - g l a s s   s t r i p   s o a k e d   in   a  f i r s t   c o m p o n e n t   of  a n  

a c r y l i c   c o m p o s i t i o n   i s   h e l i c a l l y   wound  o v e r   t h e   s e c o n d  

s t e e l   s t r i p   f r o m   t h e   s p o o l   2 5  ' a n d   a  s e c o n d   c o m p o n e n t   o f  

t h e   a c r y l i c   c o m p o s i t i o n   i s   a p p l i e d   o v e r   i t   f r o m   t h e  

a p p l i c a t o r   h e a d   27  f e d   f r o m   t h e   r e s e r v o i r   26 .   A  r o l l e r  

w i t h i n   t h e   r i n g   54d  ( n o t   shown)   on  t h e   end  of  a  s p r e a d e r  

arm  r e s e m b l i n g   t h e   arm  55  of   F i g u r e   4  s p r e a d s   t h e   s e c o n d  

c o m p o n e n t   of   t h e   r e s i n o u s   c o m p o s i t i o n   a r o u n d   t h e   w o u n d  

b o d y   and   t h e n   as   t h e   c o l l a r   30  moves   away  f r o m   t h e   r i n g  

54d  f i r s t   a  s t r i p   of  t e x t i l e   i n   t h e   f o r m   of  c h o p p e d  

s t r a n d   mat   i s   h e l i c a l l y   wound   o v e r   t h e   c o m p o s i t e   by  t h e  

s p o o l   28  and   f i n a l l y   a  l a y e r   of  m e l a m i n e   f rom  t h e   s p o o l   2 9  

i s   wound   o v e r   t h e   t e x t i l e   mat   t o   p r e v e n t   a i r   p e n e t r a t i o n  

to   t h e   r e s i n o u s   c o m p o s i t i o n .  

To  a l l o w   t h e   c o l l a r   30  t o   p a s s   o v e r   i t   t h e   s t e a d y  
48  i s   d r o p p e d ,   i . e .   a d j u s t e d   v e r t i c a l l y   d o w n w a r d ,   and   i f  

n e c e s s a r y   a t   t h i s   t i m e   t h e   f r e e   end  of  t h e   s u p p o r t   1 0 ,  

e x t e n d e d   as  shown  in   d o t t e d   l i n e s   to   t h e   p o s i t i o n   4 7 a ,  

may  be  s u p p o r t e d   by  a  s e c o n d   c o l l a p s i b l e   s t e a d y   48a  o n  

t h e   f a r   s i d e   of   t h e   s p r o c k e t   56 .   I t   w i l l   be  o b s e r v e d   t h a t  



u n t i l   t h e   f l a n g e s   31  and   32  l e a v e   t h e   r o l l e r s   35  a t   t h e  

t o p   of  t h e   u p r i g h t   40h  to   t h e   l e f t   as  v i e w e d   in   F i g u r e   1 

t h e   c o l l a r   30  i s   s t i l l   r e s t r a i n e d   a g a i n s t   r o t a t i o n   u n d e r  

t h e   t o r q u e   a p p l i e d   to   t h e   c o m p o s i t e   b o d y   by  t h e   v a r i o u s  

s t r i p s   wound   o n t o   i t   d u r i n g   i t s   f o r m a t i o n ,   i n ' p a r t i c u l a r  

t h e   s t e e l   s t r i p s   f r o m   t h e   s p o o l s   20  and   24.   The  r i n g s  

54b  and   54c  r o t a t e   i n   t h e   same  s e n s e   so  t h a t   t h e   s t e e l  

s t r i p s   a r e   in   t h e   o v e r l a p p i n g   r e l a t i o n   t a u g h t   i n   B r i t i s h  

P a t e n t   S p e c i f i c a t i o n   No  1  407  913  and  so  t h a t   t h e r e   a r e  

no  i n t e r s t i c e s   in   t h e   f i n i s h e d   c o m p o s i t e   w h e r e   t h e r e   i s  

n o  m e t a l   in   t h e   r a d i a l   d i r e c t i o n .  

The  s p e e d   of  m o v e m e n t   of  t h e   c o l l a r   30  i s   s o  

c a l c u l a t e d   t h a t   by  t h e   t i m e   t h e .  f l a n g e s   31  and   32  l e a v e  

t h e   l a s t   r o l l e r s   35  on  t h e   u p r i g h t   40h   t h e   r e s i n o u s   m a t r i x  

i n   w h i c h   t h e   two  s t e e l   l a y e r s   a r e   e m b e d d e d   in   t h e   l e a d i n g  

end  of  t h e   c o m p o s i t e   w i l l   h a v e   c u r e d   so  t h a t   t h e   r i g i d i t y  

of  t h e   c o m p o s i t e   i t s e l f   i s   s u f f i c i e n t   to   p r e v e n t   r o t a t i o n  

or  d i s t o r t i o n - o f   t h e   r i g i d   c o m p o s i t e   p i p e   b e i n g   f o r m e d  

b e h i n d   i t .   Once  t h e   c o l l a r   30  h a s   p a s s e d   o v e r   t h e  

c o l l a p s i b l e   s t e a d y   48  t h i s   can   be  r a i s e d   a g a i n   t h i s   t i m e  

to   s u p p o r t   n o t   t h e   s u p p o r t   10  b u t   t h e   (now  r i g i d )   t u b u l a r  

c o m p o s i t e   s u r r o u n d i n g   t h e   s u p p o r t .  
A  l e a d i n g   end  p o r t i o n   of  t h e   c o m p o s i t e   n e a r e s t   t o  

t h e   c o l l a r 3 0   may  be  i m p e r f e c t   due  to   some  m i s a l i g n m e n t   o f  

t h e   two  s t e e l   s t r i p s   c a u s e d   by  t h e   n e c e s s i t y   to   s t o p   a n d  

r e - s t a r t   t h e   m a c h i n e   to   s c r e w   t h e   l e a d i n g   e n d s   of  t h e  

s t r i p s   to  t h e   c o l l a r   e x t e n s i o n   58.   In  t h i s   c a s e   once   a  

s u f f i c i e n t   l e n g t h   of  t h e   c o m p o s i t e   had   b e e n   d r a w n   o f f   t h e  

s u p p o r t   10,  i t s   r i g i d i t y   and   i n e r t i a   f u l f i l l i n g   t h e   p u r p o s e  
of  t h e   f l a n g e s   31  and   32  on  t h e  c o l l a r   30,  t h e   l e a d i n g  
end  p o r t i o n   of  t h e   c o m p o s i t e   c an   be  s a c r i f i c e d ,   t h e r e b y  

r e m o v i n g   t h e   c o l l a r   30  p r e p a r a t o r y   to  r e - u s e .   In  p l a c e  

of  t h e   t r a c t i o n   d e v i c e   r e p r e s e n t e d   by  t h e   r e e l   57  a n  

a l t e r n a t i v e   means   s u c h   as   a  c o n v e y o r   may  be  u t i l i s e d   t o  

c a r r y   t h e   f i n i s h e d   c o m p o s i t e   away  f r o m   t h e   i n s t a l l a t i o n  

r e p r e s e n t e d   by  t h e   u p r i g h t s   40a  to  4 0 f .   A l t e r n a t i v e l y   t h e  

i n s t a l l a t i o n   i l l u s t r a t e d   may  i t s e l f   be  m o b i l e   and   t h e  

n e c e s s a r y   t r a c t i o n   may  be  a p p l i e d   to   t h e   f i n i s h e d   c o m p o s i t e  



by  m o v i n g   t h e   i n s t a l l a t i o n   f r o m   l e f t   to   r i g h t   as  v i e w e d  

i n   F i g u r e   1  away  f r o m   a  f i x e d   a n c h o r a g e   p o i n t   ( n o t   s h o w n )  

f o r   t h e   f i n i s h e d   c o m p o s i t e .   Once  a  s u f f i c i e n t   l e n g t h   o f  

t h e   f i n i s h e d   c o m p o s i t e   t u b e   or  p i p e   h a s   b e e n   l a i d ,   e . g .  
on  t h e   g r o u n d ,   i t s   own  r e s i s t a n c e   to   m o v e m e n t   may  m a k e  

a  f i x e d   a n c h o r a g e   u n n e c e s s a r y .  

I t   w i l l   be  s e e n   t h a t   t h e   t e c h n i q u e   as  d e s c r i b e d  

r e s u l t s   i n   a  r i g i d   c o m p o s i t e   p i p e   w i t h   an  i n n e r   l i n i n g  

of  p o l y e t h y l e n e   w i t h   a  seam  59  w h e r e   t h e   l o n g i t u d i n a l  

e d g e s  o f   t h e   m a n d r e l   s t r i p   a r e   in   a b u t m e n t .   The  p o l y -  

e t h y l e n e   m a n d r e l   i s   s h i e l d e d   f r o m   t h e   i n n e r   l i n i n g   o f  

r e s i n   by  an  i n i t i a l   l a y e r   of   m e l a m i n e   f r o m   t h e   s p o o l   1 6  

w h i c h   f a c i l i t a t e s   w i t h d r a w a l   of   t h e   m a n d r e l   f r o m   t h e  

f i n i s h e d   p r o d u c t   i f   t h i s   i s   d e s i r e d .   A l t e r n a t i v e l y   i f  

i t   i s   d e s i r e d   t h a t   t h e   f i n i s h e d   p r o d u c t   s h o u l d   h a v e   a n  

i n n e r   l i n i n g   of   p o l y e t h y l e n e   i t   i s   d e s i r a b l e   t h a t   t h e  

seam  59  s h o u l d   be  s e a l e d   and   t h e   t h e   p o l y e t h y l e n e   s h o u l d  

be  a d h e r e d   t o . t h e   i n n e r   r e s i n   l i n i n g .   The  l a t t e r   can   b e  

a c h i e v e d   by  o m i t t i n g   t h e   m e l a m i n e   l a y e r   f r o m   t h e   s p o o l   1 6  

a n d   s e a l i n g   of   t h e   s e a m   59  c an   be  a c h i e v e d   by  p o s i t i o n i n g  

a  s u i t a b l e   w e l d i n g   gun  ( e . g .   a  j e t   of  h o t   a i r   or  a  h o t  

r o d )   i m m e d i a t e l y   i n   f r o n t   of  t h e   s i z i n g   b u s h   13  so  t h a t  

as   t h e   l a t e r a l   e d g e s   of   t h e   p o l y e t h y l e n e   s t r i p   a r e   b r o u g h t  

i n t o   a b u t m e n t   t h e y   a r e   w e l d e d  t o g e t h e r .  

The  m a t e r i a l   f r o m   w h i c h   t h e   s t r i p   11  i s   made  a s  

d e s c r i b e d   a b o v e   i s   p o l y e t h y l e n e  w h i c h   h a s   b e e n   f o u n d   t o  

b e n d   s u f f i c i e n t l y   e a s i l y   to   c i r c u l a r   s h a p e   and   y e t   to   h a v e  

s u f f i c i e n t   r i g i d i t y   t o   w i t h s t a n d   t h e   p r e s s u r e   of   t h e   m e t a l  

s t r i p   w i n d i n g s   a n d   t h u s   t o   m a i n t a i n   t h e   r e q u i r e d   g a p  
a r o u n d   t h e   s u p p o r t   10.   O t h e r   m a t e r i a l s   s u c h   a s   p o l y u r e t h a n e  

may  be  u s e d   i n s t e a d   of  p o l y e t h y l e n e   p r o v i d e d   t h a t   t h e y  

p o s s e s   t h e s e   r e q u i r e d   f u n c t i o n a l   p r o p e r t i e s .   The  t h i c k n e s s  

of  t h e   s t r i p   11  ( 1 . 5   m i l l i m e t r e s )   i s   c h o s e n   to   p r o v i d e  

f i r m   a b u t m e n t   of   t h e   l o n g i t u d i n a l   e d g e s   w i t h o u t   t h e   d a n g e r  

of   o v e r l a p   w h i l s t   b e i n g   s u f f i c i e n t l y   t h i n   t o   p e r m i t   t h e  

s t r i p   11  to   be  f o r m e d   f r o m   f l a t   s h e e t   i n t o   a  t u b e   of  t r u e  

c i r c u l a r   c r o s s - s e c t i o n .  

By  t h e   p r o v i s i o n   of  a  n a r r o w   gap  b e t w e e n   t h e   i n n e r  



s u r f a c e   of  t h e   t u b u l a r   m a n d r e l   and  t h e   o u t e r   s u r f a c e   o f  

t h e   s u p p o r t   i t   h a s   b e e n   f o u n d   to   be  p o s s i b l e   to   e n s u r e  

f r e e   m o v e m e n t   of  t h e   c o m p o s i t e   t u b e   or  p i p e   t h r o u g h  

t h e   w i n d i n g   a p p a r a t u s .   S t i l l   f u r t h e r   i m p r o v e m e n t   i n  

t h e   r e d u c t i o n   of  f r i c t i o n   c o u l d   be  o b t a i n e d   by  t h e   u s e  

of  l u b r i c a n t s   or  by  t h e   i n t r o d u c t i o n   of  c o m p r e s s e d   a i r ,  

t h r o u g h   a  p l u r a l i t y   of  s m a l l   h o l e s   in   t h e   c y l i n d r i c a l  

s u r f a c e   of  t h e   s u p p o r t   10,  i n t o   t h e   gap  b e t w e e n   t h e  

s u p p o r t   and  t h e   t u b u l a r   m a n d r e l .  



1.  A  m e t h o d   f o r   t h e   p r o d u c t i o n   in   a  c o n t i n u o u s   l e n g t h  

of   a  t u b u l a r   p r o d u c t   c o m p r i s i n g   a t   l e a s t   one  h e l i c a l l y  
wound   e l e m e n t ,   c h a r a c t e r i s e d   in   t h a t   a  s t r i p   (11 )   i s  

d e f o r m e d   t r a n s v e r s e l y   o f   i t s   l e n g t h   a r o u n d   an  i n t e r n a l  

s u p p o r t   ( 1 0 )   to   f o r m   a  t u b u l a r   m a n d r e l   (11)   o n t o   w h i c h  

s a i d   e l e m e n t   ( 1 6 , 1 7 , 2 0 , 2 1 , 2 4 , 2 5 , 2 8 , 2 9 )   i s   wound   w h i l e  

s a i d   m a n d r e l   i s   r e l a t i v e l y   moved  l o n g i t u d i n a l l y   w i t h  

r e s p e c t   t o   an  e l e m e n t   w i n d i n g   a p p a r a t u s   ( 5 4 a - d ) ,   t h e  

t u b u l a r   c o n f i g u r a t i o n   of  t h e   m a n d r e l   b e i n g   m a i n t a i n e d  

when   s a i d   e l e m e n t   i s   wound   t h e r e o n   by  a b u t m e n t   (59)   o f  

t h e   l o n g i t u d i n a l   e d g e s   of  t h e   s t r i p ,   and   t h e   i n t e r n a l  

d i m e n s i o n s   of   t h e   t u b u l a r   m a n d r e l   ( 11 )   b e i n g   s l i g h t l y  

g r e a t e r   t h a n   t h e   e x t e r n a l   d i m e n s i o n s   of  t h e   s u p p o r t   ( 1 0 ) ,  

t h e   c l e a r a n c e   t h e r e b e t w e e n   r e d u c i n g   f r i c t i o n a l   r e s i s t a n c e  

to   r e l a t i v e   m o v e m e n t   of  t h e   m a n d r e l   and  t h e   s u p p o r t .  
2.  A  m e t h o d   as   c l a i m e d   i n   c l a i m   1  c h a r a c t e r i s e d   i n   t h a t  

t h e   s t r i p   ( 1 1 )   i s   d e f o r m e d   by  p a s s i n g   i t   s u c c e s s i v e l y  
b e t w e e n   s h a p i n g   r o l l e r s   ( 5 3 a , 5 3 b )   on  o p p o s i t e   s i d e s   of  t h e  

s u p p o r t   and   t h r o u g h   a  s i z i n g   r i n g   (13 )   s u r r o u n d i n g   t h e  

s u p p o r t ,   t h e r e a f t e r   t h e   t u b u l a r   b o d y   i s   c o n s t r u c t e d   on  a  
t u b u l a r   m a n d r e l   p r o v i d e d   by  a  p o r t i o n   of   t h e   l e n g t h   of  t h e  

d e f o r m e d   s t r i p   ( 1 1 )   w h i c h   s u r r o u n d s   t h e   s u p p o r t   and   t h e r e -  
a f t e r   t h e   d e f o r m e d   s t r i p   and  t h e   t u b u l a r   b o d y   c o n s t r u c t e d  

t h e r e o n   a r e   w i t h d r a w n   f r o m   a  f r e e   end  of  t h e   s u p p o r t .  

3.  A  m e t h o d   as   c l a i m e d   i n   e i t h e r   of   t h e   p r e c e d i n g  

c l a i m s   c h a r a c t e r i s e d   i n   t h a t   t h e   s a i d   e l e m e n t   ( 1 6 , 1 7 , 2 0 , 2 1 ,  

2 4 , 2 5 , 2 8 , 2 9 )   i s   i n   t a p e ,   r i b b o n   or  s t r i p   f o r m .  

4.  A  m e t h o d   as  c l a i m e d   in   c l a i m   3,  c h a r a c t e r i s e d   i n  

t h a t   t h e   s a i d   e l e m e n t   ( 2 0 , 2 4 )   i s   of  m e t a l .  

5.  A  m e t h o d   as   c l a i m e d   i n   c l a i m   4  c h a r a c t e r i s e d   i n  

t h a t   a  p l u r a l i t y   of  s t r i p s   ( 2 0 , 2 4 )   of  m e t a l   a r e   wound  o n t o  

t h e   m a n d r e l .  

6.  A p p a r a t u s   f o r   c a r r y i n g   o u t   t h e   m e t h o d   c l a i m e d   i n  

a n y  o n e   of  t h e   p r e c e d i n g   c l a i m s ,   c o m p r i s i n g   means   f o r  

h e l i c a l l y   w i n d i n g   a  c o m p o n e n t   of  a  t u b u l a r   p r o d u c t   a n d  

m e a n s   f o r   d e f o r m i n g   a  s t r i p   t r a n s v e r s e l y   of  i t s   l e n g t h  

a r o u n d   an  i n t e r n a l   s u p p o r t   c h a r a c t e r i s e d   in   t h a t   t h e  



a p p a r a t u s   i s   a r r a n g e d   to   c a u s e   t h e   l o n g i t u d i n a l   e d g e s  

of   t h e   s t r i p   to   a b u t   to   f o r m   a  t u b u l a r   m a n d r e l   ( 1 1 )  

h a v i n g   i n t e r n a l   d i m e n s i o n s   s l i g h t l y   g r e a t e r   t h a n   t h e  

e x t e r n a l   d i m e n s i o n s   of  t h e   s u p p o r t   ( 1 0 ) ,   and   m o v i n g  

m e a n s   ( 3 0 , 3 6 )   f o r   r e l a t i v e l y   m o v i n g   t h e   m a n d r e l  

l o n g i t u d i n a l l y   w i t h   r e s p e c t   to   t h e   w i n d i n g   means   ( 5 4 a - d )  

d u r i n g   w i n d i n g   of  s a i d   c o m p o n e n t   o n t o   t h e   m a n d r e l .  

7.  A p p a r a t u s   as   c l a i m e d   in   c l a i m   6  c h a r a c t e r i s e d   i n  

t h a t   t h e   d e f o r m i n g   means   c o m p r i s e s   a  p a i r   of  s h a p i n g  

r o l l e r s   ( 5 3 a ,   53b)   and   a  s i z i n g   r i n g   ( 1 3 , 1 4 )   b e t w e e n   a n d  

t h r o u g h   w h i c h   t h e   s t r i p   (11)   i s   s u c c e s s i v e l y   p a s s e d   e n  

r o u t e   to   t h e   w i n d i n g   m e a n s .  

8.  A p p a r a t u s   as  c l a i m e d   i n   c l a i m   6  or  c l a i m   7  

c h a r a c t e r i s e d   in   t h a t   i t   c o m p r i s e s   a  s u p p o r t   ( 1 0 )  

p r o j e c t i n g   c a n t i l e v e r   f a s h i o n   t h r o u g h   t h e   p a t h   of  w i n d i n g  

of  t h e   w i n d i n g   m e a n s   ( 5 4 a - d )   and   s t a t i o n a r y   w i t h   r e s p e c t  

t h e r e t o ,   m e a n s   (50 )   f o r   s u p p l y i n g   t h e   s t r i p   l o n g i t u d i n a l l y  

t o w a r d   t h e   s u p p o r t   in   t h e   r e g i o n   of  t h e   f i x e d   end  t h e r e o f  

and   w i t h d r a w i n g   m e a n s   ( 3 0 , 3 6 , 5 7 )   f o r   d r a w i n g   t h e   d e f o r m e d  

s t r i p   w i t h   t h e   t u b u l a r   p r o d u c t   b u i l t   t h e r e o n   f r o m   t h e  

f r e e   end  of  t h e   s u p p o r t .  

9.  A p p a r a t u s   as  c l a i m e d   i n   c l a i m   8  as  a p p e n d a n t   t o  

c l a i m   7  c h a r a c t e r i s e d   i n   t h a t  t h e   s h a p i n g   r o l l e r s  ( 5 3 a , 5 3 b )  

a r e   d i s p o s e d   on  o p p o s i t e   s i d e s   of  t h e   s u p p o r t   ( 10 )   a n d  

t h e   s i z i n g   r i n g   ( 1 3 , 1 4 )   s u r r o u n d s   t h e   s u p p o r t ,   t h e   s h a p e s  

and  d i m e n s i o n s   of  t h e   r o l l e r s   and  r i n g   b e i n g   s u c h   t h a t   t h e  

s t r i p   ( 1 1 )   i s   d e f o r m e d   to   a  t u b u l a r   c o n f i g u r a t i o n   w i t h  

i n t e r n a l   d i m e n s i o n s   s l i g h t l y   g r e a t e r   t h a n   t h e   e x t e r n a l  

d i m e n s i o n s   of   t h e .  s u p p o r t .  

10.  A p p a r a t u s   as   c l a i m e d   in   c l a i m   8  or  c l a i m   9 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   w i t h d r a w i n g   m e a n s   ( 3 0 , 3 6 , 5 7 )  

c o m p r i s e s   l o c a t i o n   m e a n s   ( 3 0 , 3 0 a , 3 0 b )   e n g a g e a b l e   w i t h   a  

l e a d i n g   end  of  t h e   s t r i p   ( 1 1 )   and   m o v a b l e   l o n g i t u d i n a l l y  

of  t h e   s u p p o r t   and  w h e r e i n   m e a n s   ( 3 1 , 3 2 , 3 5 )   i s   p r o v i d e d  

to   p r e v e n t   r o t a t i o n   of   t h e   l o c a t i o n   m e a n s   (30 )   r e l a t i v e   t o  

t h e   s u p p o r t   (10)   u n d e r   t o r q u e   a p p l i e d   to   t h e   d e f o r m e d   s t r i p  

by  t h e   w i n d i n g   m e a n s .  

11.   A p p a r a t u s   as  c l a i m e d   in   c l a i m   10  c h a r a c t e r i s e d   i n  



t h a t   t h e   l o c a t i o n   m e a n s   c o m p r i s e s   a  c o l l a r   (30)   a d a p t e d  

to   s u r r o u n d   and   move  l o n g i t u d i n a l l y   of  t h e   s u p p o r t   ( 1 0 ) ,  

t h e   c o l l a r   ( 3 0 )   h a v i n g   a  t r a i l i n g   end   p o r t i o n   ( 5 8 )  

i n s e r t a b l e   in   and   s e c u r a b l e   to   a  l e a d i n g   end  of  t h e  

d e f o r m e d   s t r i p   (11 )   and   l a t e r a l   f o r m a t i o n s   ( 3 1 , 3 2 )  

p o s i t i o n e d   to   be  e n g a g e d   by  a b u t m e n t s   (35 )   f i x e d   r e l a t i v e  

to   t h e   s u p p o r t   w h i l e   t h e   c o l l a r   s u r r o u n d s   t h e   s u p p o r t   t o  

p r e v e n t   r o t a t i o n   of  t h e   c o l l a r   r e l a t i v e   to   t h e   s u p p o r t .  

12.   A p p a r a t u s   as  c l a i m e d   i n   c l a i m   10  or  c l a i m   1 1 ,  

c h a r a c t e r i s e d   i n   t h a t   t h e   w i t h d r a w i n g   means   ( 3 0 , 3 6 , 5 7 )  

c o m p r i s e s   t r a c t i o n   m e a n s   ( 3 6 , 5 7 )   e n g a g e a b l e   w i t h   t h e  

l o c a t i o n   m e a n s   to   d i s p l a c e   t h e   l a t t e r   away  f r o m   t h e  

w i n d i n g   m e a n s   ( 5 4 a - d )   o f f   t h e   f r e e   end  of  t h e   s u p p o r t   ( 1 0 )  

a t   a  s p e e d   s u b s t a n t i a l l y   e q u a l   to   t h e   s p e e d   of  m o v e m e n t  

of  t h e   d e f o r m e d   s t r i p   t o w a r d s   t h e   w i n d i n g   m e a n s .  

13.   A p p a r a t u s   as   c l a i m e d   i n   c l a i m   12  c h a r a c t e r i s e d   i n  

t h a t   t h e   t r a c t i o n   m e a n s   (36 )   i s   g u i d e d   to   move  s u b s t a n t i a l l y  

p a r a l l e l   w i t h   t h e   s u p p o r t   by  g u i d e   means   (56 )   w h i c h   c h a n g e s  
t h e   d i r e c t i o n   of   m o v e m e n t   of  t h e   t r a c t i o n   m e a n s   (36 )   a n d  

i s   p o s i t i o n e d   i n   s p a c e d   r e l a t i o n   to   t h e   f r e e   end  of  t h e  

s u p p o r t ,   s a i d   g u i d e   m e a n s   ( 5 6 )   b e i n g   a d j u s t a b l e   in   h e i g h t  

to   be  m o v a b l e   o u t   of  t h e   p a t h  o f   t h e   t u b u l a r   p r o d u c t  

l e a v i n g   t h e   s u p p o r t   ( 1 0 ) .  

14.   A p p a r a t u s   as  c l a i m e d   in   c l a i m   9,  or  a n y  o n e   o f  

c l a i m s   1 0 - 1 3   as  a p p e n d a n t   to   c l a i m   9,  c h a r a c t e r i s e d   b y  

t h e   p r o v i s i o n   of   m e a n s   to   w e l d   o r   f u s e   t h e   seam  ( 5 9 )  

f o r m e d   by  t h e   a b u t t e d   l o n g i t u d i n a l   e d g e s   of  t h e   d e f o r m e d  

s t r i p   ( 1 1 )   so  t h a t   t h e   l a t t e r   f o r m s   a  c o n t i n u o u s   t u b u l a r  

l i n i n g   f o r   t h e   t u b u l a r   p r o d u c t .  

15 .   A  t u b u l a r   p r o d u c t   c h a r a c t e r i s e d   i n   t h a t   i t   c o m p r i s e s  

a t   l e a s t   one  h e l i c a l l y   wound   m e t a l   s t r i p   e l e m e n t   ( 2 0 , 2 4 )  

and   an  i n n e r   l i n i n g   (11 )   p r o v i d e d   by  a  s t r i p   of  m a t e r i a l  

d e f o r m e d   t r a n s v e r s e l y   of   i t s   l e n g t h   so  t h a t   t h e   l o n g i t u d i n a l  

e d g e s   of   t h e   s t r i p   a b u t   to   f o r m   a  c o n t i n u o u s   l o n g i t u d i n a l  

seam  (59 )   i n   t h e   i n t e r i o r   of  t h e   p r o d u c t .  

16.   A  t u b u l a r   p r o d u c t   as  c l a i m e d   i n   c l a i m   1 5 ,  

c h a r a c t e r i s e d   i n   t h a t   s a i d   e d g e s   a r e   w e l d e d   or  f u s e d  

t o g e t h e r .  



17.  A  t u b u l a r   p r o d u c t   as  c l a i m e d   in   c l a i m   15  or  c l a i m   1 6  

c h a r a c t e r i s e d   in   t h a t   t h e   s t r i p   (11 )   i s   of  t h e r m o p l a s t i c  

m a t e r i a l .  
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